Purpose: To evaluate the prognostic factors that affect the surgical outcome of laminoplasty in patients with cervical compressive myelopathy. Methods: This is a retrospective review of 43 cases of multi-level cervical compressive myelopathy treated operatively with expansive laminoplasty (Itoh surgical technique), from June 1989 to August 2008. The mean follow-up duration was 7 years. The Japanese Orthopaedic Association score, Hirabayashi recovery rate and improvement of Pavlov's ratio were used to assess the clinical results after laminoplasty. Results: The mean Japanese Orthopaedic Association score improved from 9.7 to 13.7 points after laminoplasty (p < 0.001), with 65.1% excellent or good results. The Pavlov ratio improved from 0.71 to 0.9 after operation (p < 0.001). Excellent or good surgical outcome is demonstrated in patients aged <70 years. Conclusion: Laminoplasty is a viable surgical option for patients with three or more levelsofcervical cord compression. Patients youngerthan 70 years predict a favourable surgical outcome.
Introduction
Since Hirabayashi first reported the results of expansive laminoplasty by using single hinge door, this technique has become the treatment of choice for cervical compressive myelopathy (CCM) involving three or more levels. 1 Laminoplasty is commonly used to manage cervical myelopathy resulting from cervical spondylotic myelopathy, ossification of the posterior longitudinal ligament, and diffuse idiopathic skeletal hyperostosis. 2e6 Cervical laminoplasty avoids anterior approach related morbidity and graft-related complications that associate with anterior cervical surgery. 7e11 In the literature many different surgical modifications were introduced with the aim of preventing fall back of the raised bone flap after single hinge door laminoplasty. The use of rib allograft, sutures, bone blocks and stainless steel wiring, and recently titanium plates have been advocated. 12e16 The objective of this study is to review the operative results of the patients in our centre and to evaluate various prognostic factors.
Materials and methods
From June 1989 to August 2008, 51 patients with CCM had laminoplasty performed in our centre. Eight patients died of unrelated medical causes and were unable to complete 2 years follow-up. Thus, a total of 43 patients were recruited. The average age of patients was 65.3 (range 37e88) years. The male to female ratio was 28 to 15. The mean duration of symptoms was 10.6 (range 1e46) months. The mean follow-up was 7 years (range 26 months to 16 years). All patients with CCM had their diagnosis confirmed by clinical examination and magnetic resonance imaging (MRI) study. Laminoplasties were performed when there werethree or more levels of cervical stenosis.
Surgical technique
We used Itoh's modification of Hirabayashi single door hinge laminoplasty, whichapplied interposing bone graft and stainless steel wiring to prevent fall back of the laminar bone flap. 13 A midline posterior incision was used with patients laid in prone position. Paraspinal muscles were dissected and stripped to expose the facet joints. The number of laminae raised was based on the number of compressed segments, determined preoperatively by clinical examination and MRI studies. The side of open door was determined by the side with more neurological deficits. The adequacy of spinal decompression was confirmed by observing cord pulsation intraoperatively.
Bone grafts harvested from C7 and/or T1 spinal process were used to interpose the open hinge side to prevent fall back of the laminar bone flap. The bone graft was then secured and fixed by fine wire loops ( Figure 1 ). The open hinge was also secured by Ethibond sutures to prevent laminar bone spring back.
Postoperatively,the patients wore Philadelphia neck collars for protection for 6 to 8 weeks. After that period, they were referred to physiotherapy for neck exercises. All patients had regular follow-up at the spine clinic.
Assessment
The patients' characteristics including age, gender, symptom duration, and pathology were documented. Japanese Orthopaedics Association (JOA) scores ( Table 1 )and X-raysof the cervical spine were recorded and studiedduring every outpatient visit.
The light touch sensation was tested by using a small wooden stick. The functional improvement was expressed by Hirabayashi recovery rate percentage. The functional results were rated as 'excellent', 'good', 'fair', 'unchanged', and 'worse' according to percentage of recovery rate ( Table 2) .
Abnormal neurological signs detected clinically were classified into early and late signs according to criteria in Table 3 . Pavlov's ratio was measured preoperatively and postoperatively with the lateral cervical spine plain radiographs ( Figure 2 ). Signal changes were studied with T2 MR images preoperatively.
Wilcoxon signed rank test was used to compare the change in Pavlov's ratio and JOA score before and afterthe laminoplasty. Pearson correlation test was used to determine the correlation between various prognostic factors (gender, age, symptom duration, neurological signs, Pavlov's ratio, and MRI signal changes) and good/excellent recovery rate. All data analysis was performed using SPSS (Windows version 12.0; SPSS Inc, Chicago, IL, USA).
Results
Out of the 43 cases of CCM, there were 29 cervical spondylotic myelopathies, 11 ossifications of the posterior longitudinal ligament, and three diffuse idiopathic skeletal hyperostoses. The levels of laminoplasty performed were C3 to C6 (22 patients), C3 to C7 (20 patients), and C3 to T1 (1 patient) spinal segments. There were two patients who had concomitant C1/2 instabilitywith stabilization operation performed. C1/2 stability was performed later in other occasion. They showed one good and one fair functional result after the laminoplasty. There were also four patients with concomitant lumbar spinal stenosis required lumbar decompression surgery later in different operation. There were three good and one fair functional recovery after cervical laminoplasty.
JOA score
The mean JOA score improved from 9.8 to 13.7, which was statistically significant (p < 0.001). The overall mean recovery rate was 54%. The JOA functional rating showed 10 cases of excellent, 18 good, 12 fair, and three unchanged results. Overall 65.1% of the patients had either excellent or good improvement of their symptoms after the laminoplasty.
Prognostic factors
The correlation between different prognostic factors to excellent and good results was shown in Table 4 . The study demonstrated better surgical outcomes in patients younger than 70 years (p ¼ 0.03).
Our study did not demonstrate any statistically significant difference in gender (p ¼ 0.30), symptoms for less than or more than 1 year (p ¼ 0.55), or early or late myelopathic signs (p ¼ 0.34) after the laminoplasty. Of our patients, 76% (32/42) had Pavlov's ratio <0.8 before operation, indicating cervical spinal stenosis. The mean increase in Pavlov's ratio after laminoplasty was 0.19, which was statistically significant (p < 0.001). T2 MRI Cord signal change was detected in 49 % (21 out of 43) of our patients. However, both the preoperative Pavlov's ratio(<0.8 or >0.8) and presence or absence of cord signal change did not have statistical significances of prognosis of the surgical outcome (Table 4 ).
Complications Early
No mortality was encountered after operation. One case complicated with dural tear required repair. One patient had postoperative transient C5 nerve palsy with complete recovery at 4 months after the operation. One patient developed sacral sore and required rotation flap surgery. One case had postoperative chest infection and respiratory failure requiring tracheostomy. No wound complication or neurological deterioration was noted.No migration of bone graft or wires was detected.
Late
Four patientsdeveloped kyphosis of the cervical spine after laminoplasty on follow-up X-rays ( Figure 3) . The C2-C6 angle determined by tangential lines on the posterior edge of the C2 and C6 body was measured on lateral radiographs in neutral position. The kyphotic angles and functional recovery rates are shown in Table 5 .
No graft related complication was detected. No patient required a second operation in this study.
Discussion
The operative treatment for CCM focused on reverting neurological deterioration by decompression of the spinal cord. Both the anterior and posterior spinal operations were advocated with a varying rate of success. 17, 18 However, multiple levels of involvement made anterior decompression difficult. 19 Laminoplasty has been advocated as an alternative to laminectomy in attempt to avoid the spine destabilizing effects due to removal of the laminae. 20 However, postlaminoplasty kyphotic deformity is not uncommon and local kyphosis interferes with the posterior shifting of the spinal cord after decompression, which may lead to poor surgical outcome. 21, 22 In our case series, 9.3% of patients developed kyphotic deformity after the laminoplasty. Of them, 50% had a preexisting kyphotic deformity, which seemed a risk factor of this complication (Table 5 ). However, the clinical outcome was not different from other cases.
The surgical technique of open-door laminoplasty was relatively simple and required the least amount of surgical time to decompress multiple levels of cervical stenosis. Itoh's modification using interposing bone graft helps to prevent fall back of the laminar bone flap in order to maintain the canal size. 13 In recent years, newer techniques using hydroxyapatite spacer and titanium plates to maintain patency of the open-door laminoplasty are becoming more popular. 15, 16, 23 However, uncertain long-term effectiveness, additional cost and operative time are other consideration factors. In this study, Itoh's laminoplasty technique was able to maintain the increased Pavlov ratio without fallback of the laminar flap for an average of 7 years of follow-up.
Laminoplasty is the recommended operative treatment for CCM involving more than three levels of compression of the spinal cord. In this study, around two-thirds (65.1%) of our patients achieved good or excellent functional results after operation, with an average of 3.9 points gained in JOA score. Some of our operated patients suffered from concomitant spine problems including lumbar spinal stenosis and C1/2 instability. It was difficult to determine how much C1/2 instability would contribute to the symptoms of cervical myelopathy, whereas patients with lumbar stenosis would predominantly present with lower limb symptoms and claudication pain. In this study, both groups of patients did not show inferior functional recovery after laminoplasty. Our series had one case of C5 nerve palsy after the surgery (2.3%), which was comparable with the incidence reported in the literature (4.6%). It carried a good prognosis in terms of functional recovery. 24 Up to 15% of our patients suffered from axial neck pain after cervical laminoplasty, their symptoms usually improved with analgesic and physiotherapy. 25 Patients younger than 70 years were associated with a more favourable outcome. In the literature, there was no correlation detected between functional recovery and other prognostic factors exceptfor patients younger than 65 years with a higher preoperative and postoperative JOA score 26 that echoed our findings.
It is often difficult for patients to remember exactly when their symptoms began, thus duration of symptom might not be accurately. 27 Pavlov's ratio measurement in plain radiograph only indicates potential space available for cord but could not clearly demonstrate spinal cord compression by soft tissue components. MRI with cord signal change could not differentiate irreversible cord ischemia or reversible cord edema. 28e30 These explain their insignificance in predicting the surgical prognosis. 
Conclusion
Laminoplasty with Itoh's method is a reliable surgical option for patients with multiple levels of CCM with various pathologies. Patients younger than 70 years have a better outcome after the operation.
